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GENETIC AL STUDIES ON (ENOTHEKA. II 

Some Hybrids of (En other a biennis and 0. grandiflora 
that resemble 0. Lamarckicina 1 

DR. BRADLEY MOORE DAVIS 

The status of (Enothera Lamarckicina is a matter 
which must be given serious consideration in any attempt 
to judge the value of De Vries 's mutation theory, for the 
reason that the behavior of this form in throwing off 
marked variants (mutants) from the type has been re- 
garded by De Vries as direct experimental proof of mu- 
tation. Indeed, the theory of De Vries may fairly be 
said to rest chiefly upon the behavior of this interesting 
plant, the account of which forms so large a part of his 
work, "Die Mutationstheorie, ' ' 1901-1903. 

Aside from his claim of direct proof of the origin of 
mutations from (Enothera Lamarckicina, De Vries offers 
a considerable body of indirect evidence of the sort pre- 
sented in Darwin's "Variation of Animals and Plants 
under Domestication," and in that extensive and very 
carefully sifted account of Bateson, "Materials for the 
Study of Variations," 1894. However, much of this in- 
direct evidence of De Vries deals with the origin of 
"sports" from domesticated forms or with the origin 

1 Contribution from the Laboratory of Genetics, Bussey Institution of 
Harvard University No. 7. An investigation conducted with aid from the 
Elizabeth Thompson Science Fund for which the author desires to express 
his indebtedness. 
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of new forms under conditions that are not typical of 
those of nature in the wild. For these reasons such evi- 
dence could never appeal with so much force as would 
direct experimental proof that a wild species is in the 
habit of producing suddenly new types sufficiently dis- 
tinct from the parent form to rank as new species or even 
as strongly marked varieties. 

In "Die Mutationstheorie" of De Vries the behavior 
of Oenothera Lamar ckiana in giving rise to the so-called 
mutants is presented as evidence that new species have 
come into existence without intermediate steps from a 
form which is assumed to be typical of a species in na- 
ture. Oenothera Lamar ckiana is made to bear the 
weight of an elaborate hypothesis, treating of funda- 
mental problems, very much as the apex might be made 
to bear the weight of an inverted pyramid. As the equi- 
librium of the inverted pyramid depends upon the sta- 
bility of its apex, so the value for the mutation theory 
of the evidence from the behavior of Lamar ckiana must 
rest with the status of this plant as a form truly repre- 
sentative of a typical species. 

De Tries from the beginning took it for granted that 
OEnothera Lamar ckiana was a native American species 
introduced into Europe, an assumption that was perhaps 
not unnatural, although dangerous when the responsibil- 
ity of direct proof of the origin of species by mutation 
was laid upon its behavior. As far as the writer is 
aware, 0. Lamar ckiana, as a wild American species, is 
unknown. No American locality can be cited where it 
may be found as a clear component of the native flora. 
There are certain records of its presence under condi- 
tions that indicate the possibility of its being sometimes 
a garden escape, and there is some herbarium material, 
referred to Lamarckiana, which, however, has not been 
tested by culture and was collected at times when the im- 
portance of the most critical judgment in identification 
was not appreciated. It cannot be said that American 
botanists are not alive to the importance of the status of 
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Lamar cMana, for it is well known that a certain group 
would follow with persistence any clue that might give 
evidence of its being or having been an American native 
species. 

Critics of the evidence for I)e Vries's mutation theory 
have been aware of the point of weakness that lay in the 
uncertain status of (Enothera Lamarckiana and the sug- 
gestions of Bateson and Saunders ( '02, p. 153), East 
('07, p. 34), Boulenger ('07, p. 363), Leclerc du Sablon 
('10, p. 266), Tower ('10, p. 322), and others have prob- 
ably occurred to many, namely, that this plant is of hy- 
brid origin and that the appearance of its "mutations" 
is due to the continued splitting off of variants after the 
manner of hybrids. This view is held by a number of 
American botanists with whom the writer is acquainted 
and represents the attitude of those who are sceptical of 
the importance of mutation as a factor of organic evolu- 
tion in nature. If Lamarck iana is of hybrid origin it 
should be possible to obtain evidence of its probable 
parentage, and the present paper offers a hypothesis 
with a considerable body of evidence in its favor. After 
the evidence has been presented the hypothesis will be 
discussed in the concluding section entitled "The Pos- 
sible Origin of (Enothera Lamarckiana as a Hybrid of 
0. biennis and 0. grandiflora." 

None of the hybrids of biennis and grandiflora de- 
scribed in the following pages are identical with La- 
marckiana. There are important differences, chiefly of 
foliage and stem markings, which distinguish the hybrids 
at a glance, but on the other hand these characters in 
taxonomy would be considered of minor importance and 
the hybrids, if their origin were unknown, could not be 
placed elsewhere than next to Lamarckiana. Further- 
more, these differences are of a sort that are likely to be 
much less apparent when the results of crosses made 
this summer (1910) between certain' types recently dif- 
ferentiated become known in succeeding cultures. In 
an investigation of this character the results, as every 
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student of genetics knows, come slowly, and the writer 
feels no necessity of offering an apology in publishing 
preliminary data, since they are based on three seasons ? 
study, even though he hopes to present more conclusive 
evidence in the future. 

The cultures of the past season (1910) were grown 
partly at the Bussey Institution and partly in the Botanic 
Garden of Harvard University, where facilities were of- 
fered for which the writer is deeply indebted. 

Methods 

To break the biennial habit and obtain flowering plants 
in one season it is only necessary to sow seeds in the hot 
house during the winter, where rosettes will develop, 
which may be set out in the open in the early spring. 
The cultures of 1910 were sown early in January and had 
developed large rosettes by May 5, when the plants were 
transferred to the gardens. It is best to sow the seeds 
thinly in large seed pans (with, of course, sterilized soil) 
from which each individual seedling may be potted. 

Cross pollination was always performed on flowers 
from which the unopened anthers had been removed. 
The best results are generally obtained when a castrated 
flower is left bagged for twelve to twenty-four hours 
before the pollen is applied, in order that the stigma 
may have time to mature fully which will be evident from 
the moist exudation on its surface. Strong manila bags 
tied firmly over the pollinated flowers have proved 
more satisfactory than special bags of paraffin paper, 
which appear to hold the flowers in an atmosphere too 
moist for the best results. It is my practise to dip the 
forceps in a bottle of alcohol before each transfer of 
pollen and also to rinse the hands in alcohol. The pollen 
of Oenothera is so sticky that under ordinary conditions 
there is no danger from wind blown pollen, and by fol- 
lowing the practise outlined above there is little or no 
probability of impure pollination. 

In the future my plan will be to sow the seed capsule 
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by capsule, which is the safest method to obtain quantita- 
tive results. In the past I have sown from bulk collec- 
tions of seed and my studies so far must be regarded 
as primarily qualitative in character. This practise was 
followed under the impression that probably only a small 
proportion of the seed from a cross, apparently as ex- 
treme as that between biennis and grandiflora, would 
germinate. The results, however, have shown that the seed 
of this cross is fertile to a very high degree. In conse- 
quence my cultures of this season gave three or four 
times more seedlings than it was practicable to bring to 
maturity. A process of selection became at once neces- 
sary, which was followed with the end in view of obtain- 
ing a variety of types, but it soon became evident, with 
the later development of the cultures, that it is impos- 
sible to select with accuracy among the young seedlings. 
Thus plants which showed certain tendencies as young 
rosettes or seedlings of five to nine leaves often changed 
very materially in later growth. For these reasons my 
cultures of this year even as qualitative studies are un- 
doubtedly not fully representative. 

(Enothera biennis L. 

My first crosses between biennis and grandiflora were 
made at "Woods Hole, Mass., in 1908. This locality was 
carefully searched for rosettes of biennis with broad 
leaves and two plants of this character were transplanted 
from waste ground to the garden. The rosettes were 
similar and at maturity the plants proved to be the same 
form of biennis and were practically indistinguishable. 
These two plants were the starting points of two strains 
of biennis, designated A and B, which have been culti- 
vated through two and three generations, respectively, 
and have proved constant. 

It seems quite certain that under the name (Enothera 
biennis is included a number of races with well-marked 
peculiarities. These races are probably very pure, for 
the reason that close pollination is certainly usual, if 
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Fig. 1. Mature rosette of (Enotheru biennis, B (10.21a). 

not universal, among the forms of the species. The 
lower portions of the stigma lobes in the bud lie below the 
tips of the anthers which discharge their pollen before 
the bud opens. As a result the stigma is not only well 
pollinated in the bud, but cytological studies on my 
strains A and B have shown that the pollen tubes reach 
the embryo sacs before there is any opportunity for cross 
pollination. Hybridization in nature could hardly occur 
in these forms unless their own pollen should be insuffi- 
cient for the number of ovules in the ovary or was much 
slower than foreign pollen in effecting fertilization; al- 
ternatives that are very unlikely. These conditions, 
similar physiologically to those of cleistogamous flowers, 
are present in all of the forms of biennis known to the 
writer, and have been noted by De Vries for the Euro- 
pean types. As a result a strain once established is cer- 
tain to remain pure throughout at least the great mass 
of its seeds. 

The chief characteristics of the biennis strains A and 
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Fig. 2. Mature plant of (Enothera biennis, B (10.21a). 

B, employed in the hybrid studies of the present paper, 
when under good cultivation are as follows : 

1. Rosettes.— The mature rosettes (Fig. 1), from 3 to 4 
dm. broad, have about 40 closely clustered leaves, spatu- 
late, irregularly toothed at their base, and green except 
for occasional reddish spots. The rosettes are persistent 
and conspicuous during the early development of the main 
stem. 

2. Mature Plants. — The mature plants, 1-1.5 m. high, 
have a spreading habit (Fig. 2) with long side branches. 
Stems chiefly green (brownish below), the papillate 
glands at the base of long hairs also green. Basal 
leaves on the main stem narrowly elliptical, about 16 cm. 
long (Fig. 3), leaves above lanceolate. 

3. Inflorescence. — Bracts lanceolate, less than half the 
length of the buds (Fig. 4). 

4. Buds. — About 5.5 cm. long, the cone 4-angled (Fig. 
4). Sepals clear green, their tips not markedly attenuate. 
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5. Flowers. — Small (Figs. 3 and 5). Petals about 1.3 
cm. long. Lower halves of stigma lobes (when closed) 
below the tips of the anthers. 

6. Capsules. — Gradually narrowing from {he base, 2- 
2.5 cm. long. 

7. Seeds. — Light brown. Those developed in the 

ovary of biennis after pol- 
lination by grandiflora 
are similar to the female 
parent. 

The most striking pecu- 
liarities of strains A and 
B in comparison with cer- 
tain other American types 
of biennis are : — the small 
flowers, green stems, and 
the absence of that red 
coloration in the papillate 
glands which is seen in 
some forms of the species 
and is conspicuous in La- 
marckiana. 

Since differentiating the 
strains A and B in 1908, 
I have had an opportunity 
of observing somewhat 
extensively various forms 
of biennis in the vicin- 
ity of Boston, where 
the prevailing type has 
larger flowers, frequently 
a broader leaf, and usually 
stems punctate with red tinted glands. There is con- 
siderable variation in the characters above mentioned 
and I have this year selected certain plants growing 
wild on the grounds of the Bussey Institution that in 
some respects are likely to prove much mbre satisfac- 
tory for my purposes than the strains A and B. These 




Fig. 3. Flowering side branch of 
(Enothera biennis, B (10.21a), with a 
leaf from lower portion of main stem. 
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Fig. 4. Buds of biennis B nnd 
(jraiidifiova B. 



Fig. 5. 



Flowers of biennis B and 
grandi flora B. 



plants (strains C and D) have been crossed this year 
with the best strains of grandiflora (B and D) and I 
expect to grow the hybrids in another season, when 
the strains will also be tested for their stability. The 
testing for purity is of course a necessary precaution, 
although, as explained above, the habit of self-pollination 
in biennis makes it very unlikely that any of these plants 
are tainted with foreign blood. These strains will not 
be further described until the prospective cultures have 
been grown. 

Sowings from the wild seed collected as CEnothera 
grandiflora, described below, have given several plants of 
a southern form of biennis (strain S) which may prove 
of considerable interest since some of its characters 
(stem coloration, form of buds, size of flowers, etc.) are 
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very favorable for combination with grandiflora with cer- 
tain ends in view. This southern strain was crossed this 
season with grandiflora, and the hybrids and the parent 
biennis will be studied through further cultures. 

Oenothera grandiflora Ait. 

"We are indebted to Dr. MacDougal ('05, p. 7) and to 
Miss Vail ('05, p. 9) for accounts of the rediscovery of 
this remarkable species of the southern United States 
and for a clear analysis of its probable history. Aiton's 
original description (1789), from material grown at Kew, 
states that (Enothera grandiflora was introduced by John 
Fothergill, M.D., in 1778. An expedition of William 
Bartram in 1776 ? undertaken at the request of Dr. Foth- 
ergill for the purposes of botanical discovery, records 
the finding of a large-flowered (Enothera near Tensaw 
(Taensa), Ala. Bartram's picturesque and excellent de^ 
scription of this new plant (see MacDougal, '05, p. 7), 
together with a herbarium specimen in the British 
Museum from "Hort. Fothergill, 1778," makes it evident 
that Bartram must have sent seed to Fothergill, through 
whom the plant was introduced into England in 1778. 

Professor S. M. Tracy in 1904 visited the original lo- 
cality and found the species growing in considerable 
quantity along the east bank of the Alabama river in 
the vicinity of Dixie Landing, which is only a few miles 
from Tensaw. His material agrees with the descriptions 
of Bartram and Aiton and, according to Miss Vail, with 
the herbarium specimen of Fothergill, and there seems to 
be no doubt that (Enothera grandiflora, so widely culti- 
vated, has been rediscovered growing wild in its original 
locality. 

My seed of (Enothera grandiflora was collected by 
Professor Tracy at Dixie Landing in September, 1907. 
During the past three seasons I have sampled the col- 
lection to the extent of bringing to maturity from the 
wild seed thirty-four plants, and in addition some sev- 
enty rosettes and young plants have passed under my 
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inspection. Besides the above I have selected and cul- 
tivated from this material three strains (grandiflora A, 
B, and D), which have been carried through a second gen- 
eration represented by twenty-four mature plants. 

It became apparent, as my cultures progressed, that 
the Oenothera grandiflora growing near Tensaw is far 
from uniform in character. I have so far selected four 
distinct types of plants, only one of which, however, has 
been cultivated in later generations. The fact that the 
stigma of grandiflora is generally well above the tips of 
the anthers prevents pollination in the bud and in the 
opening flower, and offers a very much greater oppor- 
tunity for cross pollination than is possible in biennis. 
This condition is probably responsible for the hetero- 
geneity of the species. 

The type which I have under cultivation and which has 
proved stable is characterized by a somewhat broader 
leaf than is common to the species. From it have been 
differentiated the following three strains (A, B, and D), 
which have been used in the crosses with CEnotliera 
biennis. 

1. Strain D came directly from a wild plant. 

2. Strains A and B are the result of a cross between 
D and a similar plant, F, in the garden at Woods Hole 
in 1908. The cross was made to fix thoroughly the char- 
acters of a broad leaf and red coloration of sepals pres- 
ent in both parents. The two strains (A and B) are es- 
sentially similar, differing chiefly in the degree of red 
coloration present in the sepals, a character that is var- 
iable and probably cannot be depended upon as a fixed 
factor. As a matter of fact, strain D in a second genera- 
tion has proved very uniform and it is not likely that I 
shall make further use of strains A and B. All three 
strains are representative of the larger proportion of 
the plants of grandiflora that have passed under my ob- 
servation, being, however, what a gardener would select 
as luxuriant forms with broader and larger leaves than 
the average. 
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Fig. 6. Mnture rosette of (Enothera grandiflora, B (10.4a). 



In addition to the type represented by the strains A, 
B, and D (which is described in the paragraph below) 
there have appeared in the cultures from the wild seed 
the following three types markedly different from one 
another and from the general run of wild grandifloras. 

1. A type represented by a large plant (2 m. high) 
peculiar for its light green broadly elliptical leaves, gen- 
erally green stem, green sepals, and a close rosette of 
crinkled leaves strongly resembling a half-grown rosette 
of Lamarckiana. This type, represented by a single 
plant (grandiflora I) appeared this year, 1910, and is 
likely to prove of great interest. It will not, however, be 
described until its behavior in later generations has been 
noted and its crosses with biennis have been grown. 

2. A type represented by a relatively small plant (1.2 
m. high) with stiff, broadly lanceolate, re volute leaves, 
and sepals deeply blotched with red. This peculiar form 
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Fig. 7. Mature plant of (Enothera grandiflora, B (10.4c). 



(grandiflora E) is too far from the general type of gran- 
diflora to be of value in the present study. 

3. A type represented by a plant (grandiflora Z) with 
narrow lanceolate leaves, much too narrow to give re- 
sults, if crossed with biennis, that would approach La- 
marckiana. 

The chief characteristics of the grandiflora strains A, 
B, and D, employed in the hybrid studies of the present 
paper, when under good cultivation are as follows : 

1. Rosettes. — The mature rosettes (Fig. 6), 2-2.5 dm. 
broad, have about 20 loosely clustered leaves, broadly 
elliptical, irregularly and sometimes deeply cut at the 
base, slightly crinkled, and mottled with reddish brown 
blotches. The rosettes are transitory, the leaves with- 
ering during the development of the main stem. 
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Fig. 8. Flowering side branch of (Enothera grandiflora, B (10.4a), with a leaf 
from the lower portion of the main stem. 



2. Mature Plants. — The mature plants (Fig. 7), 1.5-2 
m. high, have a more upright habit than biennis. Fre- 
quently the branching is profuse, the main stem and 
long side branches being covered with short shoots. 
Stems reddish, green only towards their tips, the papil- 
late glands following the color of the stem. Basal leaves 
on the main stem ovate or broadly elliptical, about 15 
cm. long (Fig. 8) ; leaves above broadly lanceolate. 

3. Inflorescence.— Bracts early in the season leaf -like 
and more than half the length of the buds (Fig. 4) ; later 
becoming very much smaller. 
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Fig. 9. 



Rosette of a hybrid (10.30 La), grandifiora B.x biennis A, 
Fj generation. 



4. Buds.— From 9-10 cm. long, the cone scarcely angled 
(Fig. 4). Sepals marked with reddish brown blotches, 
sometimes drill and faint; their tips attenuate. 

5. Floivers. — Large (Figs. 5 and 8). Petals about 3.3 
cm. long. Stigma lobes generally 2-5 mm. above the 
tips of the anthers. 

6. Capsules. — Tapering rather sharply from the large 
base, 2.5-3 cm. long. 

7. Seeds. — Dark brown. Those developed in the 
ovary of grandifiora, after pollination by biennis, have the 
same color as the female parent. 

The above description is so worded as to emphasize the 
characters of the grandifiora strains A, B, and D in con- 
trast to the biennis strains A and B. It should be com- 
pared with the description of the latter forms to under- 
stand clearly the conditions that appear in the hybrids, 
which will now be described. 
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Fig. 10. 



Mature plant of a hybrid (10.30 La), grandiflora Bx biennis A, 
F x generation. 



Hybrids in the F a Generation 
The cultures of 1910 in the F x generation were hybrids 
of three different combinations of parents, as follows : 

1. grandiflora B X biennis A (10.30), grown at the 
Bussey Institution. 

2. grandiflora B X biennis B (10.18) and the recip- 
rocal cross (10.19), grown at the Bussey Institution. 

3. grandiflora A X biennis B (10.17) and its recip- 
rocal cross (10.20), grown at the Botanic Garden of Har- 
vard University. 

Bearing in mind that the biennis strains A and B are 
practically indistinguishable and that the grandiflora 
strains A and B are essentially similar, the cultures as 
a whole would not be expected to differ markedly, which 
was the case. 

The figures of hybrids published with this paper are 
from two plants in the first culture (grandiflora B X 
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Fig. 11. Flowering side branch of a hybrid (10.30 La), grandiflora B X 
biennis A, F x generation. At the left is a leaf from the lower portion of the 
main stem. 

biennis A). They were selected as likely to prove the 
most interesting for further cultures in the F 2 and later 
generations. These two plants 10.30 La and 10.30 Lb will 
be described in some detail, together with the general fea- 
tures of the cultures. 

1. grandiflora B X biennis A (10.30). This culture 
gave about 400 seedlings from which 57 were selected for 
the breadth of the cotyledons and the shortness of their 
petioles. These were brought to maturity. The char- 
acters of the parents were blended in the rosettes which 
had long, broadly elliptical leaves, toothed below, and col- 
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Fig. 12. Rosette of a hylrid .(Hi. 30 Lb), gratulilora B x biennis A, 
Fi generation. 

ored with large reddish spots and blotches. The mature 
plants likewise presented the characters of both parents 
blended in the habit, foliage, and flowers, all the charac- 
teristics of form and measurements being clearly inter- 
mediate. It was possible to distinguish certain rosettes 
as being more biennis-like or more grandiflora-like than 
the culture in general and the mature plants from these 
rosettes also exhibited similar differences. The plants 
of the culture therefore presented a certain range, the 
extremes being readily distinguished as more like one 
parent than the other although never approaching closely 
to either. Between the extremes were numerous transi- 
tions. 

Two rosettes of this culture were selected for their 
resemblance in certain particulars to Oenothera La- 
marckiana and the mature plants from these proved to be 
among the most interesting in the gardens. These hy- 
brids, 10.30 La and 10.30 Lb, were representative of a 
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Fig. 3 3. Mature plant of a hybrid (10.30 Lb), yrantliflora B x biennis A, 
Fi generation. 

type of hybrid of biennis and gr audi flora that has proved 
not uncommon in my cultures. The description of these 
two plants will now follow, arranged to bring out the sal- 
ient features in comparison with the parent species and 
with Lamarckiana. 

Hybrid 10.30 La. 1. Rosette. — The mature rosette 
(Fig. 9), about 3.3 dm. broad, was persistent. Older 
leaves more elliptical and less spatulate than those of 
biennis (Fig. 1), deeply cut at the base as in grandiflora 
(Fig. 6), spotted with red. The younger leaves were 
markedly crinkled as in Lamarckiana (Fig. 15), but nar- 
rower and more pointed. 

2. Mature Plant. — The mature plant (Fig. 10), 1.8 m. 
high, had a straggling habit with long branches arising 
from the base, short clustered shoots above (grandiflora- 
like), a habit very different from the symmetry of La- 
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Fig. 14. Flowering side branch of a hybrid (10.30 Lb), grandiflora B x 
biennis A, Fi generation. At the left is a leaf from the lower portion of the 
main stem. 



marckiana (Fig. 16). Stem green above, mottled red 
below, occasional regions where red-tinted papillate 
glands lay on green portions of the stem as in Lamarck- 
iana. Basal leaves on the main stem (Fig. 11) elliptical, 
about 22 cm. long, only slightly crinkled and not so long 
as the much-crinkled basal leaves of Lamar ckiana (Fig. 
17). Leaves on the upper portion of the plant broadly 
elliptical, slightly larger than those of Lamarckiana. 

3. Inflorescence. — The inflorescence (Fig. 11) was 
strikingly similar to that of Lamarckiana (Fig. 17), the 
bracts being of about the same size and shape. 
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Fig. 15. Rosette of (Enothera Lamarckiana (10.23c). 



4. Buds.— From 6 to 6.5 cm. long, about the same size as 
Lamarckiana and similar in form (compare Fig. 11 with 
Fig. 17), sepals green. Intermediate in size between 
those of parents. 

5. Flowers. — Scarcely distinguishable from those of 
Lamarckiana (compare Fig. 11 with Fig. 17) and with 
the form and proportions of the parents blended. Petals 
about 2.2 .cm. long. Base of stigma lobes slightly below 
the tips of the anthers. 

6. Capsules. — About 2.3 cm. long, intermediate in size 
between those of the parents. 

7. Seeds. — A shade of color clearly intermediate be- 
tween the light and dark brown of the parents. 

Hybrid 10.30 Lb. 1. Rosette. — The mature rosette 
(Fig. 12), about 3 dm. broad, was persistent. Older 
leaves much broader than those of biennis (Fig. 1), cut 
at the base as in grandiflora (Fig. 6), a lighter green 
than the average of the culture, and with relatively few 
red spots as in Lamarckiana. The younger leaves were 
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Fig. 16. Mature plant of (Enothcra Lamarckiana (10.23c). 

strongly crinkled, almost as broad as those of Lamarck- 
iana (Fig. 15), but more pointed. 

2. Mature Plant.— The mature plant (Fig. 13), 1.7 m. 
high, with long branches from the base, had a habit more 
spreading than that of Lamarckiana (Fig. 16), but was 
otherwise very similar. Stems green above, mottled red 
and brown below, the papillate glands of the same color 
as the portions of the stem upon which they lay. Basal 
leaves on the main stem (Fig. 14) broadly elliptical, 
about 20 cm. long, without crinkles and not so long as the 
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Fig. 17 



Flowering side branch of (Enothera Lamarckiana (10.23zb), with a leaf 
from the lower portion of the main stem. 



much crinkled basal leaves of Lamarckiana (Fig. 17). 
Leaves on the upper portion of the plant broadly ellip- 
tical, slightly crinkled, similar to those of Lamarckiana. 

3. Inflorescence. — The inflorescence (Fig. 14) had 
bracts longer than those of Lamarckiana (Fig. 17), some- 
what crinkled and similar to the bracts in figures of 
(Enothera scintillans (De Vries's "mutant" from La- 
marckiana). 

4. Buds. — From 6-6.5 cm. long, about the same size as 
those of Lamarckiana y but with a more pointed cone and 
attenuated sepal tips (contrasted in Fig. 18), sepals 
green. Intermediate in size between those of the parents. 
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Fig. 18. Buds and flowers of a hybrid (10.30 Lb), grandiflora B x biennis A, 
Fa. generation, in comparison with those of CEnothera Lamarckiana. 

5. Flowers. — Scarcely distinguishable from those of 
Lamarckiana (contrasted in Fig. 18), and with the form 
and proportions of the parents blended. Petals about 
2.2 cm. long. Base of the stigma lobes slightly below 
the tips of the anthers. 

6. Capsules. — About 2.5 cm. long, intermediate in size 
between those of the parents. 

7. Seeds. — A shade of color clearly intermediate be- 
tween the light and dark brown of the parents. 

An examination of these two hybrid plants with respect 
to the contributions by their respective parents may be 
readily made by comparing the illustrations and descrip- 
tions of rosettes, mature plants, inflorescence, and flowers, 
bearing in mind that the parent biennis A is essentially 
indistinguishable from the strain biennis B which is here 
figured. It will be found that the hybrids present the 
characters of the parents in a blend. By a blend it must 
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not be inferred that the characters of the hybrids are a 
perfect mean as to the measurement and proportions of 
their organs. This is certainly not the case for all of 
the characters of the hybrids and it would be a difficult 
matter to determine a perfect blend for a single character 
because of the fluctuating variations in the parent strains. 
All that I desire to demonstrate in the present account 
is the fact of blended conditions throughout these hybrids 
of the first generation, and the total absence of clear domi- 
nance of one parent over the other with respect to any 
character. 

It would be very difficult and probably impossible to 
support satisfactorily a claim that either of the two par- 
ent plants exhibited its influence to a measurably greater 
degree than the other. To illustrate this point let us 
examine hybrid 10.30 La. The rosette (Fig. 9) of this 
plant might be said to be more like that of biennis than of 
grandiflora, but the habit of the mature plant (Fig. 10) 
with respect to its short clustered shoots is more like the 
latter parent than the former, and thus two characteristic 
stages of the plant suggest opposite conclusions. This 
general balance of the influence of one parent over the 
other was manifest throughout the greater part of the 
culture, but, as previously noted, a small proportion of the 
hybrids was readily distinguishable as being more like 
biennis or grandiflora although never approaching closely 
to either parent form. 

The chief points of resemblance between the two hy- 
brid plants just described and (Enothera LamarcUana 
may be briefly summarized as follows: 

1. The inflorescence was very similar to LamarcUana, 
especially in the case of hybrid 10.30 La from which many 
branches might have been picked that as herbarium spe- 
cimens could not have been separated from a mixed and 
varied collection of LamarcUana branches similarly pre- 
pared. 

2. The only essential difference between the buds lay 
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in the slightly greater attenuation of the sepal tips espe- 
cially in the case of the hybrid 10.30 Lb. 

3. The flowers of the hybrids were scarcely distinguish- 
able from those of Lamarckiana, the small differences in 
the measurement of parts being no greater than might 
be expected in any reasonably large and varied culture 
of Lamarckiana. The chief difference with respect to 
the flower lay in the clear green color of the ovaries of 
the hybrids, the glands of which were not tinted red, as is 
characteristic of all material of Lamarckiana that the 
writer has seen. 

4. Although the capsules were somewhat longer and 
more pointed than in the forms of Lamarckiana grown 
by the writer, they were not so long as in certain "long- 
fruited races" described by De Vries, who states that the 
fruits of Lamarckiana are highly variable and figures 
capsules as pointed as those of my hybrids (De Vries '09, 
p. 528, et seq., Fig. 114). 

The points of difference concern chiefly the vegetative 
portions of the plants under discussion. 

1. The rosette of the hybrids consisted of mixed forms 
of leaves, only the younger resembling the markedly 
crinkled leaves of Lamarckiana. 

2. The habit of the mature hybrid plants was more 
straggling, lacking the symmetry characteristic of La- 
marckiana. The basal leaves were not so large and were 
but slightly crinkled; the upper leaves, especially in the 
case of hybrid 10.30 Lb, were similar to Lamarckiana. 

3. The coloration of the stem was green above and 
mottled red and brown below, in contrast to the green 
stems of Lamarckiana punctate with red-tinted papillate 
glands. Similar glands were present in the hybrids, but 
their color (portions of 10.30 La excepted) was that of 
the regions of the stem upon which they lay. 

The hybrids, therefore, resembled Lamarckiana as to 
the inflorescence, floral parts, and fruits; they differed 
chiefly in certain vegetative characters and in the colora- 
tion of the stem. It remains to be seen through further 
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cultures which of the two, the resemblances or the dif- 
ferences, are more stable in inheritance and variation. 

The type of Lamarckiana which has been compared in 
this paper with the hybrids of biennis and grandiflora 
is one with which I have been familiar for the past five 
years. It has been represented in my cultures by strains 
from seed that has come to me through three different 
sources, all of the seed, however, originally being de- 
rived from the cultures of De Vries. These strains have 
not differed materially from one another, and as grown 
in my small cultures have not exhibited marked varia- 
tion. The rosettes and mature plants have agreed in 
habit and foliage with the descriptions of Lamarckiana 
in "Die Mutationstheorie. " The flowers have, however, 
been uniformly smaller than the measurements and fig- 
ures of De Vries, the petals being about 2.5 cm. long in- 
stead of measuring 3 cm. or more. In the flower struc- 
ture the position of the stigma has proved more variable 
than one would be led to suppose by the figures and de- 
scriptions of Lamarckiana, the stigma generally being 
but slightly above the tips of the anthers or about at 
their level, and in some plants distinctly below. 

2. grandiflora B X biennis B (10.18), and the recipro- 
cal cross (10.19). From about 200 seedlings of the 
first culture and about 250 seedlings of the second cul- 
ture, 66 and 70 plants, respectively, were brought to 
maturity, being selected for the breadth of the cotyle- 
don and the shortness of its petiole. As the rosettes 
formed there appeared much variation in the amount 
of anthocyan developed in the leaves, the larger propor- 
tion being marked with dull red spots and blotches, only 
a small number having few spots as in Lamarckiana. 
The form of the leaves likewise varied and certain of the 
rosettes were readily separated as being more biennis- 
like or gr audi flora-like than the average. The plants 
that developed from these extreme forms of rosettes were 
also somewhat more like the respective parents than the 
mass of the culture which presented the characters of 
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the parents - thoroughly blended in the form and propor- 
tions of habit, foliage, and flowers. Considering the cul- 
tures as a whole, there seemed to be no marked difference 
between the first cross and its reciprocal. 

The average types of hybrids in both crosses were es- 
sentially similar and a number of types were very close 
to the hybrids 10.30 La and 10.30 Lb of the previously 
described culture. Six plants in culture 10.19 were 
selected for special peculiarities, but these will not be de- 
scribed unless their behavior in the F 2 generation should 
justify a detailed account. 

3. grandiflora A X biennis B (10.17), and the recipro- 
cal cross (10.20). From about 200 seedlings of the first 
culture and about 150 seedlings of the second culture, 
49 and 60 plants, respectively, were brought to maturity, 
being selected for the breadth of the cotyledon and 
shortness of its petiole. These cultures were grown in 
a stiff clay at the Botanic Garden and presented an in- 
teresting contrast to the cultures previously described 
which were grown in a somewhat sandy well-fertilized 
soil. The plants were smaller and less vigorous vegeta- 
tively, although they flowered very freely. The rosettes 
and mature plants presented the characteristics of the 
parents well blended as in the other cultures. There 
were also a few extreme types that resembled one or the 
other of the parents more closely than the average. 
There appeared to be no significant differences between 
the first cross and its reciprocal. Two plants with 
marked peculiarities were selected from culture 10.17 
and will be carried through an F 2 generation; they will 
be described if their further cultivation proves of 
interest. 

Although the evidence, not being quantitative in char- 
acter, is incomplete, nevertheless the following points 
may be noted, at least provisionally, from these observa- 
tions on Fj generations. (1) There was no indication 
from these cultures of a marked preponderance of 
either paternal or maternal influence upon the hybrids. 
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(2) No character of either parent was observed to be 
dominant. (3) It is doubtful whether there would be any 
material difference between a cross and its reciprocal if 
each were equally vigorous. (4) Although the extreme 
types in the culture, approaching somewhat the respec- 
tive parents, could be readily distinguished, they were 
connected by transitional forms and a sharp line could 
not be drawn between two sets of hybrids, such as have 
been described by De Vries ( '07, '08) as " twin hybrids" 
and reported for crosses between the Onagra group and 
Lamarckiana. From observations on small cultures dur- 
ing the season of 1909 (Davis '10, p. 113) the writer was 
led to believe that "twin hybrids" might be present in 
this cross, but he no longer regards this as probable. 

Hybrids in the F 2 Generation 
In a recent paper (Davis '10) I described two small 
cultures of hybrids between biennis B and grandiflora D 
that were grown at the Botanic Garden of Harvard Uni- 
versity in the season of 1909. Four of the plants of 
these cultures were of special interest as presenting 
flowers and inflorescences very similar to Lamarckiana, 
although differing markedly in foliage. I unfortunately 
was unable to observe the early development of these 
plants and for this reason- they were not very good forms 
on which to base studies of their progeny in the F 2 gen- 
eration. Their seed was, however, sown this season and 
the cultures, described below, were of interest as indicat- 
ing the probable behavior of hybrid plants of biennis and 
grandiflora, These four lines will not be cultivated 
further, since I have in the hybrids 10.30 La and 10.30 Lb 
material better suited to the purposes of a quantitative 
study for the reason that the records of their life history 
have been kept in detail. The seeds of these hybrids 
proved fertile to a very high degree, but it was practicable 
to grow only a small proportion of the seedlings to 
maturity. 

1. Progeny from hybrid 9ba, biennis B X grandiflora 
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D. This hybrid plant (Davis, '10, pp. 112 and 113), 
an excellent blend of the parent forms, was similar to 
Lamarckiana in habit and floral structure, but differed in 
having smaller, uncrinkled leaves on the lower portions 
of the plant and larger bracts upon the inflorescence. 

From about 600 seedlings 73 plants were carried 
through the rosette stage and set in the ground, being 
selected to represent various types. The seedlings were 
strikingly diverse, some having long cotyledons similar 
to those of grandiflora, others having shorter and broader 
ones, and a large proportion with small light yellow, etio- 
lated cotyledons. Many of the latter seedlings died before 
the appearance of the second leaf, the others developed 
very slowly, forming rosettes one-fourth or one-third the 
size of the normal with more or less etiolated leaves. 
Twenty-three of the dwarf rosettes were set out in the 
garden and of these seven finally grew to be large plants 
similar to the average of the culture, but with a some- 
what etiolated foliage ; of the remainder several died and 
the others developed into dwarf plants from 2-8 dm. high, 
small leaved, sparsely branched, and with flowers smaller 
than the average but larger than the biennis parent. 
The behavior of these etiolated dwarfs resembled De 
Vries's account of the appearance of the form albida in 
his cultures of Lamarckiana. 

As the normal rosettes approached maturity it was 
possible to distinguish certain ones as somewhat more 
biennis-like or more g r an di flora-like than the average, 
and the mature plants which developed from these showed 
similar points of resemblance to the respective parents 
of the cross. Nevertheless, the culture as a whole pre- 
sented these parental characters well blended, although 
exhibiting a much wider range of variation than the F x 
generation of this cross. This variation appeared to 
indicate a relative segregation of the parental characters 
deserving of detail studies upon larger cultures. There 
were a number of plants similar to the parent hybrid, 
but none markedly nearer to Lamarckiana. 
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2. Progeny from hybrids 9ba, 9bb, and 9bc, gr audi flora 
D >< biennis B. These three hybrids (Davis, '10, p. 114) 
presented the parental characters well blended. They 
were essentially similar to Laniarckiana in flower struc- 
ture and inflorescence, but differed in foliage and habit, 
the leaves on the lower portion of the stem being but half 
the length of those similarly placed on Lamar ckiana and 
with only slight traces of crinkles ; the habit was bienms- 
like. 

From about 350 seedlings of hybrid 9ba, 76 plants were 
brought to maturity, being selected as representative 
types of the rosette stages. A small proportion of the 
rosettes was dwarfed and the nine selected representa- 
tives of this type developed small plants 1-2,5 dm. high, 
generally without side branches; these did not flower. 
The normal rosettes varied greatly in the forms of leaves 
and extent of the red coloration, certain ones being dis- 
tinctly more like the respective parents of the cross than 
the average; these differences were maintained in the 
mature plants, but to a less marked degree. The culture 
in general presented a habit more grandifloraAike than 
biemiis-like, but all of the characters remained blended, 
although there was a considerable range of variation in 
flower structure and foliage. While a number of the plants 
were similar to the hybrid parents, none proved to be 
appreciably nearer to Laniarckiana. 

There were about 550 seedlings of hybrid 9bb, from 
which 93 plants, selected as representative rosettes, were 
brought to maturity. Relatively few dwarf rosettes were 
present in this culture; eleven of these being selected 
grew into plants 1-4 dm. high, small leaved and without 
prominent side branches, the larger of the dwarfs develop- 
ing small biennisAike flowers. The culture in general was 
more uniform than the preceding, but certain rosettes and 
mature plants were noticeably more like one or the other 
of the original parents than the average, which presented 
these parental characters well blended. The foliage of 
the culture was distinctly crinkled so that the plants re- 



224 THE AMERICAN NATURALIST [Vol. XLY 

sembled Lamarckiana more closely than those of the other 
cultures in the F 2 generation, differing chiefly in the 
smaller size of the basal leaves and in the absence of red 
tinted papillate glands on a green stem, the stem being 
mottled with red. One plant of this culture (10.12 Lz) 
was selected for marked peculiarities, but will not be de- 
scribed unless its behavior in an F 3 generation proves of 
sufficient interest. 

About 800 seedlings of hybrid 9bc appeared in the cul- 
ture, from which 95 plants were selected as representa- 
tive types of rosettes. A few dwarf rosettes were pres- 
ent, six of which set in the ground developed into un- 
branched plants about 1 dm. high, that failed to flower. 
The culture in general exhibited considerable variation, 
the most interesting types of plants being several with 
light green, smooth, obtusely pointed leaves, similar in 
shape to Lamarckiana, but without crinkles. There was 
shown the same previously described tendency on the 
part of a few rosettes and mature plants to depart from 
the average of the culture towards the characteristics 
of the respective parents of the cross, maintaining, how- 
ever, a blended structure of their parts. 

Considering these cultures of F 2 generations in com- 
parison with the F x generations that have been grown, 
the most striking feature is the greater range of varia- 
tion exhibited not only by the F 2 plants as a whole, but by 
their different parts. Since the studies were not quanti- 
tative in character, because such a large proportion of the 
seedlings were necessarily discarded, it has not seemed 
best to describe the variations in detail and such an in- 
vestigation is deferred for the present. However, in this 
increased variation is clearly indicated at least a relative 
segregation of the parental characters in the F 2 genera- 
tion. 2 

2 Extensive cultures from the seed of the two hybrids 10.30 La and 
10.30 Lb, described in this paper, are now (February, 1911) seedlings 
with 4-5 leaves which already show marked segregation in this F 2 genera- 
tion, with the extreme types closely resembling seedlings of the parents of 
the cross and between these a large range of intermediates. 
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The Possible Origin of (Enotliera Lamarckiana as a 
Hybrid of 0. biennis and 0. grandifiora 

We have shown that hybrids between certain strains 
of (Enotliera biennis and 0. grandifiora may be synthe- 
sized, which approach somewhat closely to Oenothera La- 
marckiana, and there is good reason to believe that fur- 
ther experimentation will result in the production of 
forms with a more perfect resemblance. It is now im- 
portant to ascertain, as far as this is possible, whether 
there are any historical reasons why Lamarckiana may 
not have arisen either accidentally or intentionally from 
such a cross. 

(Enotliera Lamarckiana appears to have been under 
cultivation in the gardens of the Museum cl'Histoire Nat- 
urelle at Paris in 1797, being described by Lamarck" 1 
under the name grandifiora. Shortly afterwards Se- 
ringe 4 renamed the form Lamarckiana, recognizing it to 
be distinct from the grandifiora of Aiton. 

As previously noted from the investigations of Mac- 
Dougal ('05) and Vail ('05), the evidence is very clear 
that grandifiora was introduced into England in 1778 and 
was at that time under cultivation at Kew. Forms of 
(Enotliera biennis had of course been in European gar- 
dens for many years previous to 1778. There was there- 
fore a period of about eighteen years (1778-1797) during 
which hybrids between biennis and grandifiora might 
have arisen in Europe before the earliest known record 
of the cultivation of (Enotliera Lamarckiana in Paris. 
So striking an American novelty as (Enotliera grandi- 
fiora would almost certainly have been passed on from 
Kew to other botanical gardens and in the interval be- 
tween 1778 and 1797 is likely to have become widely dis- 
tributed and cultivated. On historical grounds then 
there seems to be no reason with respect to the date of 
the first recorded recognition of (Enotliera Lamarckiana 
why this form might not have arisen in Europe as a 
hybrid of biennis and grandifiora. 

3 "Encyclopedie Methodique Botanique, " Vol. IV, p. 554, 1797. 
4 De Candolle's " Prodomus, ' ■ Vol. Ill, p. 47, 1828. 
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Let us suppose that it should he shown that (Enothera 
Lamarckiana was in existence previous to the date 1778, 
what effect would such evidence have on the hypothesis 
that the form is a hybrid of biennis and grandiflora? It 
would not in the writer's opinion have weight against 
experimental proof that Lamarckiana or forms closely 
resembling this plant may be synthesized as hybrids of 
these wild American species. It would not prove that 
Lamarck's plant in Paris (1797) was not a hybrid. It 
would merely indicate that Lamarckiana, having arisen 
as a hybrid in America, was introduced as such into Eu- 
rope. As already pointed out, the position in grandiflora 
of the stigma well above the anthers gives ample oppor- 
tunity for chance hybridization in nature. Indeed, the 
diverse forms that have appeared in my cultures from 
seed of grandiflora collected in the field clearly show that 
the species is far from homogeneous in character, a con- 
dition that is probably due to a large amount of cross 
pollination. It may be expected that careful search, es- 
pecially in the southern United States, will bring to light 
occasional plants with characters intermediate between 
grandiflora and other species, such as, for example, 
southern types of biennis, but it is also probable that the 
behavior of such plants in culture will show them to be 
heterozygous in character, i. e., hybrids. 

There have been two attempts to establish the presence 
of Lamarckiana in Europe previous to 1778 when grandi- 
flora was introduced at Kew. MacDougal ( '07, pp. 5, 6) 
refers to Lamarckiana a description and figure of an 
(Enothera by Miller, Plate 189, Fig. 2, for the " Gar- 
dener's Dictionary," 1760. This figure, published in 
1757, is of a large-flowered (Enothera with petals 2 or 
2.2 cm. long and by its side (Fig. 1) is a smaller-flowered 
form. With respect to the point under discussion, the 
most important features of these figures, clearly shown 
by the drawing, is the position and form of the stigmas, 
■well below the tips of the anthers and with the lobes 
unexpanded in open flowers. These are peculiarities of 
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biennis and, in the writer's experience, are not charac- 
teristic of Lamarckiana where the stigma lobes are "usu- 
ally expanded in the open flower and generally above or 
about on the level with the tips of the anthers. Further- 
more the size of the petals in the illustration of the large- 
flowered type (Fig. 2) is no greater and indeed not so 
great as in some forms of biennis. Both of the figures 
show the essential characteristics of the flower of biennis 
to which they have generally been referred in taxonomic 
accounts. For these reasons the view of MacDougal 
that the illustration of the large-flowered type (Fig. 2) 
is of Lamarckiana and establishes its presence in Europe 
previous to 1757, is to the writer not convincing. 

The second attempt to establish the presence of La- 
marckiana in Europe previous to 1778 is the announce- 
ment of Grates ( '10) that certain marginal notes in a copy 
of Bauhin's "Pinax," 1623, give in Latin an accurate 
description of this plant although differing in one or two 
minor characters. Gates presents an outline of the 
points which indicate to him that the description refers 
to Lamarckiana, but the notes themselves are not pub- 
lished. A full account is promised, in which we may 
expect to see these Latin notes and judge of them for 
ourselves, and comments on this announcement will be 
reserved for the present. 

Finally we must return to the question of whether or 
not it appears probable that CEnothera Lamarckiana is 
at present a component of the American native flora. 
De Vries ( '05, p. 368) refers to Lamarckiana certain her- 
barium material at the New York Botanical Garden and 
Missouri Botanical Garden, both collected by A. W. Chap- 
man in Florida (1860 or earlier), and also material in the 
Philadelphia Academy of Science collected by C. W. 
Short at Lexington, Ky. A thorough search (MacDou- 
gal, '05, p. 6) by several botanists in the vicinity of 
Lexington Ky., Nashville Tenn., Knoxville Tenn., and 
Courtney Mo., in the endeavor to find living plants 
that might be identified as Lamarckiana, was unsuccess- 
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ful. Later, Miss Vail (MacDougal, '07, p. 67) came to 
the conclusion that the plant from Lexington, Ky., is 
grandiflora, and a possible escape from cultivation. I 
have not seen the herbarium material mentioned above, 
but in the light of the fact that many dried specimens 
could be prepared from my hybrids which as such would 
be considered LamarcMana, it is clearly necessary that 
evidence from herbarium material should be weighed 
with much caution. The average herbarium material of 
the Oenotheras is generally not sufficient to show the pe- 
culiarities of the earlier phases of development (rosettes 
and basal foliage) which in the case of LamarcMana fur- 
nish diagnostic characters that are necessary for a full 
identification. Unless the evidence of field collections is 
followed up by garden cultures, there is the possibility 
of numerous errors of interpretation. 

A specimen in the Gray Herbarium of Harvard Uni- 
versity is stated by MacDougal ('05, p. 5) to agree per- 
fectly with Oenothera LamarcMana, but in this view the 
writer can not accord. This plant was apparently grown 
in the Cambridge Botanical Garden, Massachusetts and 
bears the date 1862. The specimens are accompanied by 
the significant notes in the hand writing of Dr. xlsa Gray 
4 ' from seed of Thompson, Ipswich, ' ' and ' ' said by English 
horticulturists to come from Texas." The flowers are 
large, with petals about 4.5 cm. long and sepals about 5 cm. 
long, very attenuate, the tips projecting 1 cm. beyond the 
folded petals in the manner characteristic of grandiflora. 
The stigma lobes are also grandiflora-like in their length, 
about 8 mm., and in their position, about 5 mm. above the 
tips of the anthers. A large detached leaf, about 18.5 cm. 
long, with some evidence of former crinkles, suggests by 
its form (although rather small) the basal leaves of La- 
marcMana, The flowers and upper foliage of this speci- 
men, however, agree very closely with broad-leaved types 
in my cultures of grandiflora and do not resemble the 
LamarcMana that I have grown from seeds of De Vries, 
or with his figures and descriptions in "Die Mutations- 
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theorie. M If this plant could be established as derived 
from Oenotheras introduced into England by Messrs. 
Carter and Co. at about 1860 from seeds said to come from 
Texas, it would be a point of great importance, as will 
appear in the following paragraphs. 

De Vries ( 7 05, pp. 384-385) offers strong evidence that 
the strains of Lamarckiaua at present cultivated in Eu- 
rope have a genetic relation to seed of Messrs. Carter 
and Co., of London about 1860. This seed is stated to 
have been received unnamed from Texas and plants 
grown from it were pronounced by Dr. Lindley to be 
Lamarckiaua. A specimen from one of these plants is 
figured in "The Floral Magazine, " Vol. II, Plate 78, 1862, 
this plate being reproduced in " L 'Illustration Horticole, ' ' 
Vol. IX, Plate 318, 1862. This plate shows an (Enothera 
with flowers about 10 cm. (4 inches) in diameter and 
with a large amount of red coloration on the sepals and 
ovaries ; the stigma is figured both above and below the 
tips of the anthers. The flowers of this illustration are 
larger than those of Lamarckiana, as known to the 
writer, and would do for graiidiflora except for the posi- 
tion of the stigma which is much closer to the anthers 
than is typical for this species. The red coloration of 
the sepals and ovaries is much too deep for typical La- 
marckiana and not unlike some forms of graiidiflora, but 
the sepal tips, as drawn, are not so long or so pointed as 
in the latter form. Indeed the identification of this plate 
with any probable (Euothera is very difficult and the 
reasons why it should be called Lamarckiaua are to the 
writer far from convincing, although it would perhaps 
be as easy to argue for this identification as for any 
other. 

It is, however, possible that new light may be thrown 
on the composition of the cultures of Carter and Co. 
through the plant in the Gray Herbarium described 
above. The date of this specimen, 1862, together with 
the very suggestive notes of Dr. Gray " from seed of 
Thompson, Ipswich, " and " said by English horticul- 
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turists to come from Texas/' make it appear possible 
that this plant was derived from the cultures of Carter 
and Co. If this could be established it would indicate 
that forms very close to grandiflora were present in the 
cultures or seeds of this firm. It is not at all improbable 
that Texas with its immense area and very great range 
of climatic conditions may harbor grandiflora or related 
types especially since it is known to be rich in species of 
(Enothera and to have a number of large flowered rep- 
resentatives. 

There may have been thus a second introduction into 
England of grandiflora-like types through Carter and Co. 
at about the year 1860. While there is of course no 
means of knowing whether their cultures were uniform, 
it is altogether probable that the results of their sowings 
gave a diverse progeny, since that has been my experi- 
ence with seed from Alabama. There seems to be no 
reason why chance hybrids may not have been present 
or why grandiflora-like strains might not have shortly 
hybridized with European forms of biennis. These pos- 
sibilities are mere matters of speculation to which little 
assistance is given by the puzzling plate in "The Floral 
Magazine" and in " L 'Illustration Horticole" referred to 
above. A search among the English herbaria might, 
however, result in the discovery of specimens which 
would materially assist in the solution of a very interest- 
ing question — the identity of the plants grown by Carter 
and Co. At present the specimen in the Gray Herba- 
rium appears to offer the most important evidence bear- 
ing upon the question. The contention that Lamar ckiana 
was introduced in the form of a native American species 
at this date, 1860, seems to the writer to be without suffi- 
cient foundation. 

The American botanist will ask himself why, if La- 
mar ckiana was present in America as a native species in 
1860, no localities are known where it may be observed 
in the field. It will be hard for him to believe that so 
strong and vigorous a plant, if a wild species, has become 
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so recently extinct when, as lie well knows, the Oenotheras 
are established as remarkably successful forms in our 
flora. The fact that Lamarckiana is not known as a com- 
ponent of the native American flora stands as the most 
serious obstacle to the view that this plant is representa- 
tive of a wild species. The writer believes it very prob- 
able that plants more or less resembling Lamarckiana 
will occasionally, or perhaps rarely, be found in parts of 
America and under circumstances indicating that they 
are not garden escapes, but it seems to him equally prob- 
able that these forms when tested in culture will give evi- 
dence of a heterozygous, or hybrid nature. The mere 
records of such plants as handed down by the average 
type of herbarium specimen, unaccompanied by experi- 
mental cultures, will have little or no value for the pres- 
ent problem — the origin of Oenothera Lamarckiana. 

Summary 

This paper offers a body of evidence which shows that 
hybrids resembling Oenothera Lamarckiana may be syn- 
thesized from certain strains of the American native 
species 0. biennis and 0. grandiflora. The resemblances 
of the hybrids to this plant are strongest with respect 
to the inflorescence, buds and flowers. The differences 
are chiefly manifest in the basal foliage of the mature 
plant, in the coloration of the stem, and in the more strag- 
gling habit of the hybrids. The rosettes of the hybrids 
present mixed forms of leaves, the younger with points 
of similarity to Lamarckiana. Bearing in mind that 
other strains of biennis have characteristics more La- 
markiana-like than those of strains A and B, herein de- 
scribed, it is more than probable that the hybrids from 
certain crosses made this season (1910), when grown 
in future cultures, will come closer to the desired end — 
the synthesis of a hybrid so similar to Lamarckiana as 
to be practically indistinguishable by the usual taxonomic 
tests. 

Exception is -taken to the claim of MacDougal ( '07, 
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pp. 5, 6) that Miller's Plate 189, Fig. 2, for the "Gar- 
dener's Dictionary," 1760, establishes the presence of La- 
marckiana in Europe previous to the date, 1778, when 
grandi flora is known to have been introduced into Eng- 
land. The view of De Vries that strains of Lamarckiana 
were introduced into England about 1860, through seed of 
Messrs. Carter and Co. said to come from Texas, is dis- 
cussed with reference to certain specimens in the Gray 
Herbarium of Harvard University and in the light of the 
author's experience with seed from Alabama, indicating 
that Carter and Co. probably had grandiflora-like types in 
their cultures which were also likely to have been of a 
mixed character. The absence, so far as is known, of La- 
marckiana as a component of the native American flora is 
emphasized as a point of great importance against the 
claim that Lamarckiana was introduced into Europe as an 
American wild species. 

A working hypothesis is presented as a result of the 
writer's experimental studies and in relation to such his- 
torical evidence as is available, to the effect that CEno- 
thera Lamarckiana arose as a hybrid between certain 
types of biennis and grandiflora, recognizing that under 
these names must, for the present at least, be included a 
number of races which can only be clearly defined by 
laborious genetical investigations. The precise time and 
place of such an origin for Lamarckiana is a matter of 
mere speculation, but there seems to the writer no good 
reason why hybridization between biennis and grandi- 
flora might not have taken place in Europe between 
1778 and 1797 (when Lamarckiana was first recognized 
at Paris) and also at later dates, as for example about 
1860. It is also possible that Lamarckiana may have 
been introduced as a chance hybrid from America, but 
the probability of such an origin is naturally rather 
remote. 

The bearing of the possible hybrid nature of (Enothera 
Lamarckiana upon the claim of De Vries that the behav- 
ior of this plant demonstrates the origin of new species 
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by mutation from a form representative of a typical wild 
species will be sufficiently evident to require no com- 
ment at this time. A discussion of the matter will there- 
fore be reserved until the writer has proceeded further 
with his studies. 

Cambridge, Mass., 
November, 1910. 
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